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PRELIMINARY AMENDMENT 

Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Prior to examination of the above-identified application, Applicant respectfully 
requests that the following amendments be entered into the application: 

IN THE CLAIMS : 

Please amend Claims 3,4, and 6 as follows: 

~3. (Amended) A method according to claim 1, wherein said membrane is a 
stainless steel fiber web. 

4. (Amended) A method according to claim 1, said method comprising the 

step of providing fuel to said membrane during the regeneration period. 

6. (Amended) A method according to claim 1, said method further 

comprising the step of: 

monitoring the pressure across said membrane during the filtration period. - 

Please add new claims 9 through 15 as follows: 

-9. (New) A method according to claim 2, wherein said membrane is a stainless 
steel fiber web. 
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A method according to claim 2, said method comprising the step of 
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providing fuel to said membrane during the regeneration period. 

11. (New) A method according to claim 3, said method comprising the step of 
providing fuel to said membrane during the regeneration period. 

12. (New) A method according to claim 2, said method further comprising the 

step of: 

monitoring the pressure across said membrane during the filtration period. 

13. (New) A method according to claim 3, said method further comprising the 

step of: 

monitoring the pressure across said membrane during the filtration period. 

14. (New) A method according to claim 4, said method further comprising the 

step of: 

monitoring the pressure across said membrane during the filtration period. 

15. (New) A method according to claim 5, said method further comprising the 

step of: 

monitoring the pressure across said membrane during the filtration period.— 
REMARKS 

Applicant respectfully requests that the foregoing amendments to Claims 3,4, and 6 
and new Claims 9 through 15 be entered in order to avoid this application incurring a 
surcharge for the presence of one or more multiple dependent claims. A marked-up version 
of the claims showing the changes made is attached. 

Respefctful) v»submitted , 




February 15. 2002 

Date Glenn Law 

Registration No. 34,371 

FOLEY & LARDNER 
3000 K Street, N.W. Suite 500 
Washington, D.C. 20007-5109 
(202) 672-5300 
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3 . A method according to claim 1 [or 2] , wherein said membrane is a stainless 
steel fiber web. 



4. A method according to [any of the preceding claims] claim 1 . said method 
comprising the step of providing fuel to said membrane during the regeneration period. 

6. A method according to [any of the preceding claims] claim 1 , said method 
further comprising the step of: 

monitoring the pressure across said membrane during the filtration period. 
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^ using said membrane (16, 18) as a surface combustion burner membrane during a regeneration period. 
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DIESEL EXHAUST PARTICULATE FILTER SYSTEM 
Field of the invention. 

The present invention relates to a method of regenerating the filter or 
5 the filters of a diesel exhaust particulate filter system. 

Background of the invention. 

As legislation with respect to environmental issues is becoming more 
and more severe, diesel exhaust particulate filter systems are more and 

10 more applied in the exhaust pipes of diesel engines to trap the 

particulates present in the diesel exhaust gases. As particulate matter is 
building up on the filter membrane, pressure drop increases until a 
threshold is reached. The determining factor to set the threshold is to 
safeguard the normal functioning of the diesel engine. 

15 Some existing filter systems allow regeneration so that they can be used 

again during a subsequent period. The regeneration mainly constitutes 
in burning the trapped particulate matter present in the filters. This 
regeneration can be basically done in two ways. 

One way is an electrical regeneration where the filter material is heated 
20 in an electrical way until above the ignition temperature of the particulate 

matter. Another way is the installation of a burner which generates a 
flame which reaches until the filter material to burn all present particulate 
matter. 

Both ways, however, have their respective disadvantages. 

25 Apart from disadvantage caused by the unavoidable presence of 

electrical contacts and necessary electrical insulation means, the main 
disadvantage of the electrical regeneration system is that it involves a 
high degree of electrical power, which may cause substantial charge 
losses to the vehicle battery and which increases the consumption of 

30 fuel. 

A disadvantage of the burner regeneration is that flames are generated 
in the exhaust pipes, which causes mechanical stresses and corrosion. 
Other disadvantages are that such burner regeneration systems require 
complex, large size and expensive combustion chambers with a high 
35 energy consumption and a high maintenance cost. 
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Summary of the invention. 

It is an object of the present invention to avoid the disadvantages of the 
prior art. 

It is another object of the present invention to provide an efficient, 
5 compact and inexpensive regeneration system for diesel exhaust filters. 

It is also an object of the present invention to provide a regeneration 
system for diesel exhaust filters which consumes only a low amount of 
energy. 

10 According to a first aspect of the invention, there is provided a method 

of regenerating a filter of a diesel exhaust particulate filter system. The 
method comprises as steps : 

a) providing a porous membrane ; 

b) using the membrane as filter during a filtration period ; 

15 c) using the membrane as a surface combustion burner membrane 

during a regeneration period which follows the filtration period. 

The use of a porous membrane both as filter membrane and as surface 
combustion membrane makes the system very efficient, compact and 
20 inexpensive. 

According to a second and preferable aspect of the present invention, 
there is provided a method of regenerating a diesel exhaust particulate 
filter system, wherein following steps are occurring : 
25 a) providing at least two porous membranes ; 

b) using at least one of said membranes as filter during a filtration 
period ; 

c) using at least one of the remaining membranes as a surface 
combustion burner membrane during a regeneration period 

30 which overlaps with said filtration period. 

In comparison with the embodiment of the first aspect where the 
regeneration period follows the filtration period, this embodiment allows 
regeneration to be done during the operation of the filter system. 



PCT/EPOO/07420 



The porous membrane can be made out of a suitable heat and 
corrosion resistant material such as a ceramic material or a stainless 
steel. Preferably the membrane is made of a stainless steel fiber web 
which is sintered. 

5 Suitable stainless steel alloys are Fe-Cr-AI alloys. 

A first group of Fe-Cr-AI based alloys comprises 15 to 25 % Cr and 4 to 
6 % Al. Preferably the Al content is between 4.8 and 5.7 %. 
A preferred alloy composition is an Fe-Cr-AI based alloy further 
comprising Y. This alloy is known as Fecralloy®. 

10 The Y content ranges from 0.03 to 0.5 % and is preferably between 0.08 

and 0.35 %. Most preferably the Y content is between 0.25 and 0.35 %. 
Another possible alloy composition is an Fe-Cr-AI based alloy which 
further comprises at least one additional element selected from the 
group consisting of Sc, Y, Ti, Zr, Hf, V, Nb, Ta and the lanthanides, for 

15 example La or Ce. The content of the additional element or the sum of 

the additional elements is between 0.01 and 1%. 
A second group of Fe-Cr-AI based alloys comprises up to 15 % Cr and 
20 to 60 % Al. These alloys further comprise at least one additional 
element selected from the group consisting of Sc, Y, Ti, Zr, Hf, V, Nb, 

20 Ta and the lanthanides. 



Fiber diameter, amount of fiber in weight per square meter and porosity 
are determined in function of : 

1 ) the filter rating so that very fine particulate matter can be captured ; 
25 2) the dirt holding capacity so that the frequency of regeneration can be 

kept to a minimum. 
A typical example of a suitable fiber medium is a fiber diameter of 22 urn 
and a weight of 1 050 g/m 2 . 

30 During the regeneration period or cycle the stainless steel fiber web 

responds very quickly due to its small thermal mass and keeps the 
regeneration period to a strict minimum. As a consequence, the energy 
consumption during the regeneration cycle is also kept as small as 
possible. 
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During the regeneration period fuel is provided to the stainless steel 
fiber web. This fuel is preferably diesel as this is readily available. The 
diesel is preheated by the heat of the warm air coming from the engine 
5 and used as combustion air. By preheating the diesel is vaporized and 

after ignition beyond the membrane, combustion occurs in radiant 
mode. So, apart from the soot particulate matter, the only mass which 
needs heating up is the stainless steel fiber web, which is has a low 
thermal mass due to the small diameter fibers and their great number of 
10 mutual contacts. This explains the short regeneration cyles or periods 

and the low energy consumption. 

Combustion occurs then in radiant mode at the surface of the stainless 
steel fiber web. So no separate burner is required to heat up the 
stainless steel fiber web. 
15 Another phenomenon which helps to reduce the energy consumption is 

as follows. The combustion of the particulate matter present in the 
stainless steel fiber web is an exothermic reaction, which, once initiated, 
keeps burning even after gradually reducing the diesel input. 

20 According to an advantageous embodiment of the present invention, the 

method comprises the step of monitoring the pressure drop across the 
porous membrane during the filtration period. As particulate matter is 
building up at the surface of said membrane and in the membrane, this 
pressure drop increases during filtration. Once the pressure drop 

25 across the membrane reaches the threshold, which is checked 

automatically using a pressure gauge, the filtration period or cycle stops 
and the regeneration period or cycle starts. 
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Brief description of the drawings. 

The invention will now be described into more detail with reference to 
the accompanying drawings wherein 
5 - FIGURE 1 schematically shows the functioning of a diesel 

exhaust particulate filter system according to the second aspect of the 
invention. 



10 Description of the preferred embodiments of the invention. 

FIGURE 1 s chematically shows the functioning of a diesel exhaust 
particulate filter system 10 according to the second aspect of the 
invention, where filtration and regeneration may occur in parallel. 
The diesel exhaust particulate filter system comprises at least two 

15 modules 12, 14 which are placed in parallel. Each module 12, 14 

comprises a stainless steel fiber web 16, 18. This stainless steel fiber 
web is present in the form of a cylinder. Other forms, such as planar 
strips, are also possible. The diesel exhaust gases are guided via pipe 
20 which at its end splits up into two separate inlet pipes 22, 24 leading 

20 resp. to module 12 and module 14. Valve 26 in inlet pipe 22 and valve 

28 in inlet pipe 24 control the flow of the exhaust gases. The diesel fuel 
can be injected via inlet pipe 30 to module 12 and via inlet pipe 32 to 
module 14. Valve 34 in inlet pipe 30 and valve 36 in inlet pipe 32 control 
the flow of the diesel fuel. Exit pipes 38 and 40, resp. for modules 12 

25 and 14, guide the filtered exhaust gases away from the diesel engine. 

Exit pipes 42 and 44, resp. for modules 12 and 14, guide the burner 
gases away from the diesel engine. Valves 46, 47, 48 and 49 control 
the flow. 



WO 01/14696 



;i , o si h 2? „ ■ o 3 jl ! r :: c : " s 

PCT/EP00/07420 



In the situation as shown in FIGURE 1, module 12 functions as filter 
whereas module 14 is being regenerated. Valve 28 is in a closed 
position and thus prevents the exhaust gases 50 from flowing to module 
14. Valve 26 is in open position and allows the exhaust gases 50 to 
5 module 12. Valve 34 is in closed position, so no diesel is injected into 

module 12. The flow of exhaust gases 50 is radially inwards in the 
stainless steel fiber web cylinder 16 (as pointed out by the arrows). As 
particulate matter is building up at the radially outer surface of the steel 
fiber web cylinder 16, the pressure drop over the steel fiber web 
10 increases. This pressure drop is sensored by means of a pressure 

gauge which is positioned downstream (not shown). Once a 
predetermined critical level is passed, signals are given to the respective 
valves to have module 12 operated in regeneration mode and module 
14 in filter mode. 

1 5 The filtered exhaust gases are axially guided away from the diesel 

engine via exit pipe 38 and valve. 

In the meantime, valve 36 is in open position and allows diesel to be 
injected into module 14. The diesel fuel 52 is heated by the present 
warm air coming from the engine and is ignited. Any particulate matter 
20 present on stainless steel fiber web 18 is burned away and the thus 

created exhaust gases 54 are led away via valve 47 and exit pipe 44. A 
flame is only present on the surface of steel fiber web 18. No flames 
are present in the various pipes. 



25 



The diesel exhaust particulate filter system can be mounted on diesel 
motors for vehicles as well as for diesel motors functioning outside 
vehicles such as in stand-alone electrical generation systems. 
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1 ) A method of regenerating a filter of a diesel exhaust particulate filter 
system, said method comprising as steps : 

a) providing a porous membrane ; 

b) using said membrane as filter during a filtration period ; 

c) using said membrane as a surface combustion burner 
membrane during a regeneration period following said filtration 
period. 

2) A method of regenerating a diesel exhaust particulate filter system 

a) providing at least two porous membranes ; 

b) using at least one of said membranes as filter during a filtration 
period ; 

c) using at least one of the remaining membranes as a surface 
combustion burner membrane during a regeneration period 
which overlaps with said filtration period. 



3) A method according to claim 1 or 2, wherein said membrane is a 
20 stainless steel fiber web. 

4) A method according to any of the preceding claims, said method 
comprising the step of providing fuel to said membrane during the 
regeneration period. 

25 

5) A method according to claim 4 wherein said fluid fuel is diesel. 

6) A method according to any of the preceding claims, 
said method further comprising the step of : 

30 - monitoring the pressure across said membrane during the 

filtration period. 
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7. A method according to claim 6, said method further comprising the 
step of : 

- generating a control signal to regenerate said membrane, 
once the pressure across said membrane exceeds a 
5 predetermined level. 

8. A method according to claim 4 wherein during said regeneration 
period the amount of fuel provided is reduced after initiation of a 
flame at said porous membranes. 
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DECLARATION AND POWER OF ATTORNEY 

As a below named inventor, I HEREBY DECLARE: 

THAT my residence, post office address, and citizenship are as stated below next to my 

name; 

THAT I believe I am the original, first, and sole inventor (if only one inventor is named 
below) or an original, first, and joint inventor (if plural inventors are named below or in an 
attached Declaration) of the subject matter which is claimed and for which a patent is sought 
on the invention entitled 

DIESEL EXHAUST PARTICULATE FILTER SYSTEM 



(Attorney Docket No. 016782-0244) 

the specification of which (check one) 

is attached hereto. 

X was filed on July 31 , 2000 as United States Application Number 
or PCT International Application Number PCT/EP00/0742O and 
was amended on (if applicable). 

THAT I do not know and do not believe that the same invention was ever known or 
used by others in the United States of America, or was patented or described in any printed 
publication in any country, before I (we) invented it; 

THAT I do not know and do not believe that the same invention was patented or 
described in any printed publication in any country, or in public use or on sale in the United 
States of America, for more than one year prior to the filing date of this United States 
application; 

THAT I do not know and do not believe that the same invention was first patented or 
made the subject of an inventor's certificate that issued in any country foreign to the United 
States of America before the filing date of this United States application if the foreign 
application was filed by me (us), or by my (our) legal representatives or assigns, more than 
twelve months (six months for design patents) prior to the filing date of this United States 
application; 

THAT I have reviewed and understand the contents of the above-identified specification, 
including the claim(s), as amended by any amendment specifically referred to above; 

THAT I believe that the above-identified specification contains a written description of 
the invention, and of the manner and process of making and using it, in such full, clear, concise, 
and exact terms as to enable any person skilled in the art to which it pertains, or with which it 
is most nearly connected, to make and use the invention, and sets forth the best mode 
contemplated by me of carrying out the invention; and 

THAT I acknowledge the duty to disclose to the U.S. Patent and Trademark Office all 
information known to me to be material to patentability as defined in Title 37, Code of Federal 
Regulations, § 1 .56. 
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I HEREBY CLAIM foreign priority benefits under Title 35, United States Code §1 19(a)-{d) 
or § 365(b) of any foreign application(s) for patent or inventor's -certificate, or §365(a) of any 
PCT international application which designated at least one country other than the United States 
of America, listed below and have also identified below any foreign application for patent or 
inventor's certificate or of any PCT international application having a filing date before that of 
the application on which priority is claimed. 



Prior Foreign 
Application Number 


Country 


Foreign Filing Date 


Priority 
Claimed? 


Certified 

Copy ! 
Attached? 


99202673.2 


Europe 


August 19, 1999 


YES 

























I HEREBY CLAIM the benefit under Title 35, United States Code § 1 19(e) of any United 
States provisional application(s) listed below. 



U.S. Provisional Application Number 


Filing Date 















I HEREBY CLAIM the benefit under Title 35, United States Code, §120 of any United 
States application(s), or § 365(c) of any PCT international application designating the United 
States of America, listed below and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT International application in the 
manner provided by the first paragraph of Title 35, United States Code, § 1 12, I acknowledge 
the duty to disclose information which is material to patentability as defined in Title 37, Code of 
Federal Regulations, § 1.56 which became available between the filing date of the prior 
application and the national or PCT international filing date of this application. 



U.S. Parent 
Application Number 


PCT Parent 
Application Number 


Parent 
Filing Date 


Parent 
Patent Number 
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DAVID A. BLUMENTHAL 


Reg. 
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26,257 
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Reg. 


No. 


35,087 


ALAN I. CANTOR 


Reg. 


No. 


28,163 


WILLIAM T. ELLIS 


Reg. 


No. 


26,874 


JOHN J. FELDHAUS 


Reg 
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28,822 


MICHAEL D. KAMINSKI 


Reg 
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32,904 


LYLE K. KIMMS 


Reg 


No. 


34,079 


KENNETH E. KROSIN 


Reg 


No. 


25,735 
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JOHNNY A. KUMAR 


Reg. 


No. 


34,649 


JACK LAHR 


Reg. 


No. 


19,621 


GLENN LAW 


Reg. 


No. 


34,371 


PETER G. MACK 


-Reg. 


No. 


26,001 


STEPHEN B. MAEBIUS 


Reg. 


No. 


35,264 


BRIAN J. MC NAMARA 


Reg. 


No. 


32,789 


RICHARD C. PEET 


Reg. 


No t 


35,792 


GEORGE E. QUILLIN 


Reg. 


No. 


32,792 


ANDREW E. RAWLINS 


Reg. 


No. 


34,702 


BERNHARD D. SAXE 


Reg. 


No. 


28,665 


CHARLES F. SCHILL 


Reg. 


No. 


27,590 


RICHARD L. SCHWAAB 


Reg 


No 


25.479 


MICHELE M. SIMKIN 


Reg. 


No. 


34,717 


HAROLD C. WEGNER 


Reg. 


No. 


25,258 



to have full power to prosecute this application and any continuations, divisions, reissues, and 
reexaminations thereof, to receive the patent, and to transact all business in the United States 
Patent and Trademark Office connected therewith. 



I request that all correspondence be directed to: 

Glenn Law 

FOLEY & LARDNER 

Customer Number: 22428 




PATENT TRADEMARK OFFICE 



Telephone: (202) 672-5426 
Facsimile: (202) 672-5399 



I UNDERSTAND AND AGREE THAT the foregoing attorneys and agents appointed by me 
to prosecute this application do not personally represent me or my legal interests, but instead 
represent the interests of the legal owner(s) of the invention described in this application. 

I FURTHER DECLARE THAT all statements made herein of my own knowledge are true, 
and that all statements made on information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code, and that such willful false statements may jeopardize the validity of the 
application or any patent issuing thereon. 

Name of first inventor WillyMARRECAU 



jj)^ Residence Rome,Georgia 
Citizenship USA 



37 Huntington Road 
Post Office Address ffome, Georgia301 65 

Inventor's signature ^-^^^SUp-^^^^^^^ 

Date 
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